Background: We have performed the cisplatin-based intrapleural hyperthermic chemotherapy (IPHC) for advanced lung cancer with pleural effusion and for malignant pleural mesothelioma (MPM). Retrospectively, the outcomes of the IPHC were evaluated. Methods: For 14 years from February, 2000 to February, 2014, we performed 14 cases of IPHC including 8 lung cancers (staged-IV) and 6 MPMs (staged-III: 5; IV: 1). We divided these cases in two groups; the lung cancer group (LC group) and MPM group, and assessed the perioperative factors, toxicities, and effectiveness. Results: The patient age averaged 66.5 ± 11.1 years old (11 males and 3 females). The pathology was 7 pulmonary adenocarcinomas, 1 pulmonary angiosarcoma, and 6 epithelial type MPMs. The regimens of the IPHC were CDDP (300 mg) plus saline (n = 12), CDDP (100 mg) plus saline (n = 1), and CDDP (300 mg) plus distilled water (n = 1). The operation and IPHC time was 204 ± 70 and 59 ± 19 minutes, respectively. Intraoperative complication was observed in 2 lung injuries due to exfoliation of the pleural adhesion in the LC group. Blood loss was 292 ± 365 ml. The postoperative complication, i.e., subcutaneous emphysema, was observed as grade 2 pulmonary fistula (7.1%, 1/14), which was significantly observed in the LC group (1/8, 12.5%) compared to the MPM group (0/8, 0%) (p = 0.040). The hematological toxicity of more than grade 3 was observed in only one case of anemia (7.1%, 1/14) and in the LC group (25%, 1/8). The grade 3 anemia (25%, 1/8) and grade 2 neutropenia (25%, 1/8) in the LC group were significantly observed compared to those in the MPM group (0%, 0/6), respectively (p = 0.040). The postoperative cytology of the malignant cells in the pleural effusion resulted in the negative (n = 6), positive (n = 7), and not evaluated (n = 1), and the control rate was calculated to be 46.2% (6/13). There was no significant difference between the two groups (p = 0.083), that is, 42.9% (3/7) in the LC group and * Corresponding author.
Introduction
In Japan, seventy thousand lung cancer patients have died every year; the number of dead was mostly due to malignancies, 80% of which consisted of non-small cell carcinoma. In recent years, the Japanese population has become aged and the number of elder lung cancer patients has increased.
By the seventh edition of the tumor-node-metastasis (TNM) staging system for lung cancer [1] , an advanced lung cancer with pleural dissemination and/or malignant pleural effusion was defined as M1a, which is described as "tumour with pleural nodules or malignant pleural/pericardial effusion", displayed as stage IV the same as advanced cases with a distant metastasis. This type of lung cancer is considered to have no indication for surgery, aggressive therapy should be difficult due to the poor performance status and poor quality of life (QOL), and an effective treatment has not yet been established. Generally, the prognosis should be worse, as only a few optional treatments, such as cytotoxic systemic chemotherapy and molecular-targeted drug treatment are performed.
Based on the basic scientific study about the anti-cancer effect of intrapleural hyperthermic chemotherapy (IPHC), our study group has performed the IPHC treatment since 1980. From 1988, our IPHC was indicated for lung cancers with dissemination with a resectable case of primary lung cancer with no lymphatic metastasis and no distal metastasis, which was possible for single-lung ventilation under general anesthesia. Our conventional IPHC treatment has been performed in clinical practice [1] - [5] .
Regarding the benefits of the IPHC treatment, in addition to the tumor-cytotoxic effects with hyperthermic escalated efficacy, the palliation of dyspnea and improvement of the QOL are expected, that is, the control of the pleural effusion, shortening of the thoracic drainage period, lengthening the outpatient palliative therapy at home, and preserving the patient's QOL.
We have summarized our 14-year experience and retrospectively evaluated our conventional IPHC treatment for thoracic malignancies (lung cancers and malignant pleural mesothelioma) and now report the clinical outcome about the perioperative factors, complications, adverse events, effectiveness, and safety.
Patients and Methods

Patient Characteristics
For 14 years from February, 2000 to February, 2014, we performed 14 cases of conventional IPHC treatment, which consisted of 8 lung cancers and 6 malignant pleural mesotheliomas (MPM). The pathological stages were 8 in the IV-stage for lung cancers and 5 in the III-and 1 in the IV-stage for MPM. The profiles of the preoperative patients' characteristics are summarized in Table 1 . We divided these 14 cases of IPHC in two groups; the lung cancer group (LC-group) and malignant pleural mesothelioma group (MPM-group), and retrospectively studied the perioperative factors and evaluated the treatment outcomes. The ethics committee in our hospital approved this clinical study.
Surgery for IPHC
We performed IPHC (43˚C, 120 min, 200 mg/m 2 of cisplatin), the therapy of which was based on the modified methods from the previous reports of Matsuzaki et al. [2] [3] (Figure 1 and Figure 2(a), Figure 2(b) ), which was expected to have a double synergistic effectiveness of the cisplatin-cytotoxic and hyperthermic anti-tumor effects on the tumor cells. Under general anesthesia, after a single lung ventilation, the IPHC was performed under video-assisted thoracic surgery. A thoracovideoscope was inserted into the pleural cavity. Two ports were inserted at the lateral thorax. Two inflow and outflow tubes were placed in the pleural cavity, while a intrapleural thermometer and air-vent tube were inserted in the intrathorax through a port wound for the thoracoscopy, which were connected to a specially devised circuit (modified CRPH-3000C, Mera, Senko Medical instrument Mfg. Co, Ltd., Tokyo, Japan). A 150 mg amount of fosaprepitant megluminein in 100 ml of saline was intravenously dripped for 30 minutes. A 0.75 mg amount of palonosetron hydrochloride and 16 mg of examethasone mixture in 50 ml of saline was intravenously dripped for 10 minutes. These drugs were prophylactically used to treat any nausea and vomiting. The thoracic cavity was irrigated for 2 hours with a 43˚C saline solution (3000 ml) containing 200 mg/m 2 of cisplatin (Randa ® , Nippon Kayaku Co., Ltd., Tokyo, Japan) ( Figure 1 and Figure  2) . At the end of the perfusion, all fluids in the thoracic cavity were removed. The irrigated thoracic cavity was then washed with saline. When a one-lung-ventilation was converted to a two-lung one, 1 g of methylprednisolone sodium succinate in 100 ml of saline was intravenously dripped during the expansion of the collapsed lung to 
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protect the reperfusion pulmonary injury.
Retrospective Analysis of Clinical Data
We studied the preoperative, intraoperative, and postoperative factors, and evaluated the treatment outcomes regarding the safety and effectiveness of the IPHC. The profiles of the preoperative, intraoperative, and postoperative patients' characteristics are summarized in Table 1, Table 3 , and Table 5 . As the preoperative factors, age, gender, site, diagnosis, histology, classification, stage, and lung function were analyzed in the two groups.
As the intraoperative factors, regimens of IPHC treatment, operating time, IPHC time, blood loss, blood transfusion, intraoperative urine, intraoperative urine per hour, and intraoperative complication were compared in the two groups. As the postoperative factors, the drain detention period, postoperative complications, and post-treatment therapy were evaluated and compared in the two groups.
Adverse Outcomes
The adverse events were retrospectively examined, which were based on the patient's medical records upon physical examination, toxic effects, and laboratory data of the blood cell counts and blood chemistry. The adverse events and their outcomes were evaluated after completion of the IPHC treatment according to the Common Terminology Criteria for Adverse Events Version 4.0 (CTCAE v4.0). The CTCAE v4.0 displays Grades 1 through 5 with unique clinical descriptions of severity for each adverse event (AE) based on this general guideline: Grade 1, mild AE; Grade 2, moderate AE; Grade 3, severe AE; Grade 4, life-threatening or disabling AE; Grade 5, death related to AE.
Evaluation of Effectiveness of IPHC Treatment
To evaluate the effectiveness of the IPHC treatment, the postoperative status of the pleural effusion was examined. The residual of the malignant cells in the postoperatively drained pleural effusion was diagnosed by postoperative cytology, that is, diagnosed with a negative or positive finding, or defined based on the cytological malignancy classification. Regarding the postoperative accumulated amount of the pleural effusion, as a height from the back chest bottom by chest CT scanning, which was measured, the degree of the accumulated pleural effusion after the IPHC treatment was compared to the preoperative status at the same slice level of the CT scanning and evaluated as reduction, unchanged, or increased. The effectiveness of the IPHC treatment was represented as the rate of the controlled cases of the reduced pleural effusion in all the cases.
Statistical Analysis
The results are presented as the mean standard deviation (SD) or as a percentage. Comparisons of the results between the continuous variables were analyzed using the independent samples t test, and between categorical variables with chi-square statistics. The ethics committee of the University of Miyazaki Hospital approved this protocol. Table 1 and Table 2 show the preoperative profiles of the patients and the outcomes of the preoperative factors. Fourteen patients had advanced lung cancer (LC group, n = 8) (IV-staged, 7 adenocarcinomas, 1 pulmonary angiosarcoma) and malignant pleural mesothelioma (MPM group, n = 6) (epithelial type, III-staged: n = 5; IVstaged: n = 1). The LC group consisted of advanced lung cancers (n = 4), intraoperatively-found dissemination (n = 1), and postoperative recurrences (n = 3). The patient age averaged 66.5 ± 11.1 years old (range, 45 -75), and there was no significant difference between the two groups (p = 0.143). There were more males (n = 8) than females (n = 3). There were 6 left sided cases and 8 right ones, which showed a significant difference (p = 0.043). The preoperative lung function showed a vital capacity (2.5 ± 0.9 L), percent of vital capacity (%VC, 79.2 ± 20.4 L), forced expiratory volume in one second (FEV 1 , 1.8 ± 0.6 L), and %FEV 1 (76.2 ± 9.4 L) in all the cases. Based on the spirometer's parameters, there were no significant differences in the two groups. The follow-up period was 27 months (range, 4 to 48 months). Table 3 shows the intraoperative profile of the patients. Table 4 summarizes the outcomes of the intraoperative factors. IPHC was performed with three regimens of CDDP (300 mg) plus saline (n = 12), CDDP (100 mg) plus saline (n = 1), and CDDP (300 mg) plus distilled water (n = 1). The operating time was 204 ± 70 minutes. The IPHC time was 59 ± 19 minutes. The blood loss was 292 ± 365 ml and a blood transfusion was performed in two cases (14.3%, 2/14). The amount of intraoperative urine was 1168 ± 757 ml, which was calculated to be 351 ± 186 ml/hour. An intraoperative complication was observed in two cases in the LC group as lung injury due to exfoliation of the pleural adhesion. These parameters of the intraoperative factors showed no significant difference between the two groups. Table 5 shows the postoperative profiles of the patients. Table 6 displays the outcomes of the postoperative factors. The drain detention period was 9.9 ± 3.1 day. There was no significant difference in the two groups (p = 0.453). Regarding the postoperative complication related to the IPHC surgery, subcutaneous emphysema was observed in one case as a grade 2 air leak due to pulmonary fistula (7.1%, 1/14). A postoperative complication was significantly observed in the LC group (1/8, 12.5%) compared to the MPM group (0/8, 0%) (p = 0.040).
Results
Outcomes of Preoperative Factors
Outcomes of Intraoperative Factors
Outcomes of Postoperative Factors
Regarding the post-treatment therapies of the 14 cases, Table 5 shows the post-treatment profiles. After the IPHC treatment, nine cases received post-treatment after the IPHC, not only the IPHC, but also the post-therapy had been performed in nine cases (64.3%, 9/14), which was chemotherapy and/or molecular-targeted drug therapy. Table 7 shows the profile of the toxicities for the fourteen IPHC cases. Table 8 summarizes the adverse outcomes of the IPHC and the comparison between the two groups. Regarding the hematological toxicity of the IPHC, which was observed in one case of hematological toxicity of more than grade 3 in total (7.1%, 1/14). In the LC group, there was one case of grade 3 anemia (25%, 1/8), which was significantly observed in the LG group compared to that in the MPM group (0%, 0/6) (p = 0.040). Regarding the grade 2 hematological toxicity of neutropenia, there was one case in the LC group (25%, 1/8), which was also significantly observed in the LG groups compared to that in the MPM group (0%, 0/6) (p = 0.040). Regarding the grade 2 anemia, there was four cases in total (28.6%, 4/14), 2 cases were observed in the LC group and the others in the MPM group (p = 0.107). On the other hand, there were no non-hematological toxicities of more than grade 3. There was observed in three cases of grade 2 appetite loss (50%, 3/6) and three cases of grade 2 (50%, 3/6) in the MPM group. Table 9 shows the profile of the postoperative cytological results and evaluation of the amount of pleural effusion after the IPHC. Table 10 displays the treatment outcomes of the IPHC. We evaluated the effectiveness of the IPHC treatment based on the results of the postoperative cytology of pleural effusion at the removal of the 
Outcomes of Toxicity and Safety
Effectiveness of IPHC Treatment and Control of Pleural Effusion
Case 1 -8: Lung cancer group; Case 9 -14: Malignant pleural mesothelioma group. chest drain, and by the measurement of the amount of pleural effusion at the same slice level of chest CT scanning, and by the status of the malignant cells in the pleural effusion after the IPHC treatment. The cytology of the malignant cells in the pleural effusion resulted in a negative (n = 6), positive (n = 7), and not evaluated (n = 1). The control rate of the malignant cells was calculated to be 46.2% (6/13). There was no significant difference between the two groups (p = 0.083), that is, 42.9% (3/7) in the LC group and 50.0% (3/6) in the MPM group. For the assessment of the postoperative amounts of the pleural effusion, the levels were reduction (n = 10), unchanged (n = 3), and not evaluated (n = 1). The control rate of the pleural effusion was calculated to be 76.9% (10/13). There was a significant difference between the two groups (p = 0.042), that is, 71.4% (5/7) in the LC group and 83.3% (5/6) in the MPM group.
Discussion
In 2010, the Japan Lung Cancer Society, the Japanese Association for Chest Surgery, and the Japanese Associa-tion for Thoracic Surgery performed a survey of the lung cancers surgically resected in 2004 [6] . The total number of cases was 11,663 and the overall 5-year survival was 69.6%, which was based on the data accumulated from 253 facilities (41.8%) in board certified chest surgeon training 605 institutes. The 5-year survival of the clinical stage IV (n = 434) in the Union for International Cancer Control (UICC, ver 7, 2009) was 27.9%, which accounted for the percentage of 3.7, the pleural dissemination was recognized in 247 cases (2.1%), and the malignant pleural effusion (positive cytology of effusion) was present in 170 cases (1.5%). Based on these data from Japan, the cases of preoperatively resectable lung cancer, at least with a degree of 1 to 2% of which were inferred to be included in the malignant pleural effusion with dissemination, and also in the groups of the seventy thousand dead lung cancer patients every year. The recent intensive chemotherapy for advanced non-small cell lung carcinoma has been performed using the platinum doublet regimen, which is an effective treatment that showed an extended survival confirmed by the evidence of some meta-analyses [7] [8]. In the 1990s, the new 3 rd -generation anti-cancer drugs were developed, which included navelbine, paclitaxel, docetaxel, gemcitabine, and pemetrexed. These key new drugs were clinically used in combination with cisplatin or carboplatin. The effectiveness of these platinum doublet therapies has been reported, which is used in combinations therapy that have become the standard treatment regimens for advanced non-small cell lung cancer [9] .
The extended survival of advanced lung cancer patients has become 3 times (more than 2 -3 years) longer than ever, and symptom-management of carcinomatosis pleuritis and malignant pleural effusion have become an important issue. IPHC would be one of the optimal palliative therapies used to improve the QOL for untreatable advanced cancer. As one of the multimodal therapies, IPHC should be one of the most expected modalities for an aggressive palliation therapy such as intrathoracic local control of the tumor, control of the pleural effusion, and preserving the good QOL during survival.
The targeted cases of this IPHC treatment were thoracic malignances with dissemination such as unresectable advanced lung cancer with malignant effusion along with carcinomatous pleuritis, intrathoracic recurring cases after primary lung cancer surgery, MPM, sarcoma tumors, metastatic intrapleural tumors due to breast and colon cancers, and other cancers. We introduced the use of IPHC for special diseases except lung cancer, which was disseminated intrapleural angiosarcoma and there was no effective chemotherapeutic treatment except surgery. We performed a palliative pneumonectomy of the unresectable pulmonary angiosarcoma [5] , the case of which is listed as No. 8 in Table 1, Table 3 , and Table 5 . The reason for this was to reduce the angiosarcoma volume and to prevent lethal pulmonary bleeding from the tumor. Because there were few effective therapies for pulmonary angiosarcoma, we selected a combination therapy of palliative surgical resection and intrapleural hypotonic hyperthermic chemotherapy (IPHHC). For the residual disseminated intrathoracic sarcoma cells, as a local intrathoracic therapy, in addition to the effect of the hyperthermic damage and sarcoma-cell cell injury, we used the perfusion solution of distilled water. During the postoperative hospitalization, there was no memorable adverse event of more than grade 3. The patient's survival after the treatment was 21 months, thus as a palliative and intrapleural local therapy for thoracic malignancies with pleural effusion, the IPHHC therapy should be one of the considered therapies.
The theory and mechanism of the effectiveness of the IPHC is described below. The anti-cancer effectiveness of hyperthermia are generally denoted as, 1) tumor cells have a high hyperthermic sensitivity compared to those of normal cells, 2) tumor tissue has a high hyperthermic sensitivity selectively dependent on the specificity of the surrounding tissue-environment (low pH, hypoxic, fragility of tumor angiogenesis), 3) a high hyperthermic sensitivity in the latter phase of the synthesis in the cell cycle, and 4) enhancement of the sensitivity of the anticancer drug for cancer cells, which had been performed as a combination therapy with radiation and chemotherapy.
Regarding the concentration of cisplatin in the tumor tissue, the local administered method showed a 2-to 3-fold higher level compared to that of the intravenously dripped infusion [10] . Depending on the above administration methods, there was no difference in the concentration of cisplatin in the center of the tumor tissue. However, regarding the infiltration of cisplatin inside the tumor, at the normal body temperature, the cisplatin could enter to a depth of 1 to 2 mm inside the tumor tissue [11] [12] . If the infiltrated rate of cisplatin was 1-fold at 37˚C, it becomes 4-fold at 40˚C and 6-fold at 43˚C. Depending on the body temperature, the infiltration of cisplatin increases and has a much greater cytotoxic effect. For the infiltrated depth of cisplatin, which could infiltrate to a depth of 1.5 mm into the tumor tissue at 37˚C and to a depth of 5 mm at 42˚C, which was a 4-fold increase [13] .
No updated evidence has recently been reported by a restrictive clinical trial regarding the therapy of IPHC. A conventional IPHC is a monotherapy of the hyperthermic perfusion of cisplatin into the intrathoracic cavity, which had been performed as a treatment for thoracic malignant diseases with dissemination in clinical practice. To manage the malignant pleural effusion, there were some methods, which were known as a repetition of the intrapleural drainage puncture, pleurodesis with a chest tube and thoracoscopy, detention of the intrapleural catheter tube, an intrapleuroperitoneal shunt, pleurectomy, intrapleural hypotonic cisplatin lavage, and our conventional IPHC treatment.
For the unresectable advanced and terminal staged patients with carcinomatosis pleuritis with malignant pleural effusion, the objective was to reduce the worse symptoms of dyspnea, which decreased the QOL of the patient. In this situation, there were many intrathoracic punctures and/or intrapleural drainage for palliation of the symptoms. Even though the patient was discharged with palliation of the clinical symptoms, however, because of re-accumulation of the pleural effusion, repeated management of pleural effusion should be needed. The patient's QOL and activity of daily living have become worse, resulting in extended hospitalization and shortening of being at home. Regarding the benefit of IPHC treatment, even though this therapy has a surgical invasive aspect, however, not only the hyperthermic and anticancer effectiveness but also the palliation of dyspnea-symptoms and improvement of the QOL occurred. The efficacy of the IPHC treatment has an effect on the control of the pleural effusion, shortening of the drain detention period, and extension of outpatient care, that resulted in preserving of the patient's good QOL.
In the past, our study group reported the first outcome of the IPHC treatments for thoracic malignant diseases with pleural dissemination with effusion, which were performed from 1988 to 1993 (n = 12) [2] , the median survival time in the group of the IPHC (n = 12) being 20 months. On the other hand, the median survival time in the control group (n = 7) was 6 months [2] . Regarding the next outcome of our IPHC treatments for lung cancers with pleural dissemination with effusion, which were performed from 1994 to 2004 (n = 11) [3] , the median survival time of the IPHC group (n = 11) was 20 months. On the other hand, the median survival time of the control group (n = 11) was 6 months, thus there was a significant difference (p < 0.05) [3] . The ratio of spontaneous apoptosis of untreated tumor cells was 2.8% ± 2.0%. Following the perfusion, apoptosis among the tumor cells was 25.2% ± 4.6%, clearly a significant increase (p < 0.001). IPHC increases apoptosis in the malignant pleuritis [3] . Matsuzaki et al. [4] studied the induction of apoptosis by IPHC for the MPM. Our IPHC treatment was performed on 6 consecutive patients with MPM (stage III: 5; staga IV: 1). Preperfusion, the apoptosis index was 3.8% ± 2.0%, indicating spontaneous apoptosis of the untreated tumor cells. Postperfusion, the apoptosis index at 0, 24, and 48 hours was 22.8% ± 5.2%, 63.8% ± 8.2%, and 47.8% ± 6.9%, respectively. The patient had a median survival time of 30 months and no patient's morbidity was associated with the perfusion treatment.
Regarding the limitation of our present study, we recognized the small sample size, the non-prospective study, the retrospective analysis of the old medical records, no evaluation of long-term outcomes, such as overall survival, assessment of short-term outcomes, such as cytology and amount of pleural effusion, no evaluation of the QOL outcome, and no study of the effectiveness of any post-treatment treatment.
Recently, there has not been a distinct clinical phase-II study and no update as new evidence of the IPHC treatment. The regimen has become the old-fashioned single use of cisplatin and its hyperthermic perfusion of the intrapleural space. A new next-generation IPHC and its accurate evidence should be expected. We developed a new next-generation IPHC, whose regimen is constructed of platinum doublet chemotherapy with the new 3 rd generation cytotoxic drugs, that is, the additional oral medication of a S-1 drug. As the optimal aggressive palliation therapy, our new clinical trial, the next-generation IPHC is a hybrid chemotherapy combined with oral S-1 medication plus conventional cisplatin-based IPHC for the advanced thoracic malignancies with pleural effusion. We have reported the first case, and its preliminary feasibility, safety, efficacy, and good preserving of the QOL [14] . Furthermore, we have been compiling our experiences and cases of the new-generation IPHC treatment, and will report new evidence in the near future, which would be to establish the optimal aggressive palliative therapy.
Conclusion
IPHC treatment resulted in no major complications, fewer adverse events of more than grade 3, which we could safely perform. We obtained a high effectiveness of the IPHC treatment, which resulted in both a high posttreatment control rate of pleural effusion (76.9%) and a control rate of malignant cells in the pleura effusion (46.2%).
